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DESCRIPTION 

HEAT SINK MATERIAL AND METHOD OF PRODUCING THE SAME 
TECHNICAL FIELD 

5 The present invention relates to a heat sink material 

for constructing a heat sink which efficiently releases heat 
generated, for example, from an IC chip, and a method of 
producing the same. 

10^ BACKGROUND ART 

^ In general, heat is an enemy for the IC chip and it is 

| !d : necessary that the internal temperature thereof does not 

i, y 

exceed the maximum allowable junction temperature. The 
! =J electric power consumption per operation area is large in 

153 the semiconductor device such as a power transistor or a 

i t U 

i»~ semiconductor rectifier element. Therefore, the generated 

= U 

□ heat amount cannot be sufficiently released with only the 

heat amount released from a case (package) and a lead of the 
semiconductor device. It is feared that the internal 
20 temperature of the device may be raised to cause any thermal 

destruction. 

This phenomenon also occurs in the same manner in the 
IC chip which carries CPU. The amount of heat generation is 
increased during the operation in proportion to the 
25 improvement in clock frequency. It is an important matter 

to make the thermal design in consideration of the heat 
release . 
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In the thermal design for preventing the thermal 
destruction or the like, element design or package design is 
made on condition that a heat sink having a large heat 
release area is secured to a case (package) of the IC chip. 
5 In general, a metal material such as copper and 

aluminum, which has a good thermal conductivity, is used as 
a material for the heat sink. 

Recently, the IC chip such as CPU and memory is in a 
trend that the IC chip itself has a large size in accordance 
10 := with the high degree of integration of the element and the 

^ enlargement of the element -forming area, while it is 

intended to drive the IC chip at low electric power for the 
purpose of low electric power consumption. When the IC chip 

in 

I.J has such a large size, it is feared that the stress caused 

15i3 by the difference in thermal expansion between the 

|:A semiconductor substrate (silicon substrate or GaAs 

i.U 

Q substrate) and the heat sink is increased, and that the 

peeling- off phenomenon and the mechanical destruction occur 
in the IC chip. 

20 In order to avoid such an inconvenience, for example, 

it may be pointed out that the low electric power driving of 
the IC chip should be realized, and the heat sink material 
should be improved. The low electric power driving of the 
IC chip is realized in the level of not more than 3.3 V at 

25 present and the TTL level (5 V) which has been hitherto used 

as the power source voltage becomes obsolete. 

As for the constitutive material for the heat sink, it 
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is insufficient to consider only the thermal conductivity. 
It is necessary to select a material which has a coefficient 
of thermal expansion approximately identical with those of 
silicon and GaAs as the semiconductor substrate and even has 
5 a high thermal conductivity. 

A variety of reports have been made in relation to the 
improvement of the heat sink material, including, for 
example, a case in which aluminum nitride (A1N) is used and 
a case Cu (copper) -W (tungsten) is used. A1N is excellent 
10:^ in balance between the thermal conductivity and the thermal 

expansion. Especially, the coefficient of thermal expansion 

u 

is approximately coincident with the coefficient of thermal 
j'^f expansion of Si. Therefore, A1N is preferred as a heat sink 

W material for a semiconductor device in which a silicon 

153 substrate is used as the semiconductor substrate. 

f n 
i. »— 

!■* Cu-W is a composite material having both of the low 

i.y 

□ thermal expansion of W and the high thermal conductivity of 

Cu. Further, Cu-W is mechanically machined with ease. 
Therefore, Cu-W is preferred as a constitutive material for 

20 a heat sink having a complicated shape. 

Other instances have been suggested, wherein metal Cu 
is contained in a ratio of 20 to 40 % by volume in a ceramic 
base material containing a major component of SiC 
(conventional technique 1, see Japanese Laid-Open Patent 

25 Publication No. 8-279569), and wherein a powder- sintered 

porous member of an inorganic substance is infiltrated with 
Cu by 5 to 30 % by weight (conventional technique 2, see 
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Japanese Laid-Open Patent Publication No. 59-228742). 

The heat sink material concerning the conventional 
technique 1 is produced in the powder formation in which a 
green compact of SiC and metal Cu is formed to produce a 
5 heat sink. Therefore, the coefficient of thermal expansion 

and the coefficient of thermal conductivity represent only 
theoretical values. It is impossible to obtain the balance 
between the coefficient of thermal expansion and the 
coefficient of thermal conductivity required for actual 
10~ electronic parts etc. 

**% The conventional technique 2 uses a low ratio of Cu 

!' ( ~ with which the powder- sintered porous member composed of the 

] *% inorganic substance is infiltrated. It is feared that a 

limit may arise to enhance the thermal conductivity thereby. 

15^ On the other hand, a composite material, which is 

CO 

!^ obtained by combining carbon and metal, has been developed 

i. L3 

□ and practically used. However, such a composite material is 

used, for example, as an electrode for the discharge 
machining when the metal is Cu. When the metal is Pb, such 

20 a composite material is used, for example, as a bearing 

material. No case is known for the application as a heat 
sink material. 

That is, in the present circumstances, the coefficient 
of thermal conductivity is at most 140 W/mK for the 

25 composite material obtained by combining carbon and metal, 

which cannot satisfy the value of not less than 160 W/mK 
required for the heat sink material for the IC chip. 
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DISCLOSURE OF THE INVENTION 

The present invention has been made taking the 
foregoing problems into consideration, and an object thereof 
is to provide a heat sink material which makes it possible 
5 to obtain characteristics adapted to the balance between the 

coefficient of thermal expansion and the coefficient of 
thermal conductivity required for actual electronic parts 
(including semiconductor devices) etc. 

Another object of the present invention is to provide a 
K>3 method of producing with ease a heat sink material having 

•n characteristics adapted to the balance between the 

\7i coefficient of thermal expansion and the coefficient of 

1 . | 

| l p thermal conductivity required for actual electronic parts 

!y (including semiconductor devices) etc., and the method for 

15^ improving the productivity of a high quality heat sink. 

I ,A According to the present invention, there is provided a 

P heat sink material comprising carbon or allotrope thereof 

and metal, wherein an average coefficient of thermal 
conductivity of those in directions of orthogonal three 
20 axes, or a coefficient of thermal conductivity in a 

direction of any axis is not less than 160 W/mK. 
Accordingly, it is possible to obtain the heat sink material 
in which the coefficient of thermal expansion is 
approximately coincident with those of the ceramic substrate 
25 (such as silicon or GaAs ) , and the semiconductor substrate 

(such as silicon or GaAs), etc. and the thermal conductivity 
is satisfactory. 
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It is also possible to obtain the heat sink material 
wherein the average coefficient of thermal conductivity of 
those in the directions of the orthogonal three axes, or the 
coefficient of thermal conductivity in the direction of any 
5 axis is not less than 180 W/mK, and wherein a coefficient of 

thermal expansion is 1 x 10" 6 to 10 x 10" 6 /°C. 

It is preferable that the allotrope is graphite or 
diamond. Further, it is preferable that the carbon or the 
allotrope thereof has a coefficient of thermal conductivity 
10.,^ of not less than 100 W/mK. 

' l Z The heat sink material can be constructed by 

f~ infiltrating a porous sintered member with the metal, the 

!^ porous sintered member being obtained by sintering the 

carbon or the allotrope thereof to form a network. 
15 3 In this case, it is preferable that a porosity of the 

!^ porous sintered member is 10 to 50 % by volume, and an 

Q average pore diameter is 0.1 to 200 Jim. It is preferable 

that as for volume ratios between the carbon or the 
allotrope thereof and the metal, the volume ratio of the 
20 carbon or the allotrope thereof is within a range from 50 to 

80 % by volume, and the volume ratio of the metal is within 
a range from 50 to 20 % by volume. 

It is preferable that an additive is added to the 
carbon or the allotrope thereof for decreasing a closed 
2 5 porosity when the carbon or the allotrope thereof is 

sintered. The additive may be exemplified by SiC and/or Si. 
It is also preferable that the heat sink material is 
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constructed by infiltrating a preformed product with the 
metal, the preformed product being prepared by mixing water 
or a binder with powder of the carbon or the allotrope 
thereof, and forming an obtained mixture under a 
predetermined pressure. In this case, it is preferable that 
an average powder particle size of the powder is 1 to 2000 
\xm, and a length ratio is not more than 1:5 between a 
direction in which the powder has a minimum length and a 
direction in which the powder has a maximum length. In this 
case, although there is no strong network, it is possible to 
make an arbitrary shape. 

It is preferable that as for volume ratios between the 
carbon or the allotrope thereof and the metal , the volume 
ratio of the carbon or the allotrope thereof is within a 
range from 20 to 80 % by volume, and the volume ratio of the 
metal is within a range from 80 to 20 % by volume. 

It is also preferable that the heat sink material is 
constructed by mixing powder of the carbon or the allotrope 
thereof with the metal dissolved into a liquid state or a 
solid-liquid co-existing state to obtain a mixture, and 
casting the obtained mixture. 

It is preferable that a closed porosity of the produced 
heat sink material is not more than 12 % by volume. 

It is preferable that an element for improving 
wettability at an interface is added to the metal. It is 
possible to adopt one or more of those selected from Te, Bi, 
Pb, Sn, Se, Li, Sb, Tl, Ca, Cd, and Ni as the element to be 



added. Especially, Ni has an effect that carbon is easily 
dissolved and easily infiltrated. 

It is preferable that the metal is added with an 
element for improving reactivity with the carbon or the 
allotrope thereof. It is possible to adopt one or more of 
those selected from Nb, Cr , Zr , Be, Ti, Ta # V, B, and Mn, as 
the element to be added. 

It is preferable that an element, which has a 
temperature range of solid phase/liquid phase of not less 
than 30 °C, desirably not less than 50 °C, is added to the 
metal in order to improve molten metal flow performance. 
Accordingly, it is possible to reduce the dispersion during 
the infiltration, the residual pores are decreased, and it 
is possible to improve the strength. The equivalent effect 
can be also obtained by increasing the infiltration 
pressure. It is possible to adopt one or more of those 
selected from Sn, P, Si, and Mg as the element to be added. 
Further, it is preferable that an element for lowering a 
melting point is added to the metal. The element to be 
added is Zn, for example. 

It is preferable that an element for improving the 
coefficient of thermal conductivity is added to the metal. 
In this case, it is preferable that an element for improving 
the coefficient of thermal conductivity is added to the 
metal, and an alloy of the element and the metal is obtained 
by segregation or the like after a heat treatment, 
processing, and reaction with carbon, the alloy has a 



coefficient of thermal conductivity of not less than 10 
W/mK. It is preferable that the coefficient of thermal 
conductivity is desirably not less than 20 W/mK, more 
desirably not less than 40 W/mK, and most desirably not less 
5 than 60 W/mK. 

It is the known effect brought about by the heat 
treatment that the coefficient of thermal conductivity is 
improved by combining aging of the added element, annealing, 
and processing. The feature described above is based on the 
10= use of this effect. It is also known that the reaction with 

! 2 carbon decreases the added element of copper, aluminum, and 

silver, resulting in improvement in coefficient of thermal 
i; !f conductivity. Further, it is also known that the added 

in 

!,y element is deposited on the surface etc. owing to the 

i: 

lip segregation or the like when the infiltrated metal is 

solidified, and the coefficient of thermal conductivity as a 

Lii 

O whole is improved. Therefore, it is possible to utilize 

such an effect as well. 

The heat sink material can be also constructed such 
20 that powder of the carbon or the allotrope thereof is mixed 

with powder of the metal to obtain a mixture, and the 
obtained mixture is formed under a predetermined pressure. 
In this case, it is preferable that an average powder 
particle size of the powder of the carbon or the allotrope 
25 thereof and the powder of the metal is 1 to 500 |xm. 

The heat sink material can be also constructed such 
that a pulverized cut material of the carbon or the 
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allotrope thereof is mixed with powder of the metal to 
obtain a mixture, and the obtained mixture is formed at a 
predetermined temperature under a predetermined pressure. 

When the heat sink material is constructed by the 
forming process as described above, it is preferable that as 
for volume ratios between the carbon or the allotrope 
thereof and the metal, the volume ratio of the carbon or the 
allotrope thereof is within a range from 20 to 60 % by 
volume, and the volume ratio of the metal is within a range 
from 80 to 40 % by volume. Accordingly, it is possible to 
obtain the heat sink material in which the coefficient of 
thermal conductivity is not less than 200 W/mK, and a 
coefficient of thermal expansion is 3 x 10" 6 to 14 x 10~ 6 /°C. 

In this case, it is preferable that an additive making 
it possible to perform re-sintering after forming process is 
added to the carbon or the allotrope thereof. The additive 
may be exemplified by SiC and/or Si. 

It is preferable that a low melting point metal for 
improving wettability at an interface is added to the metal. 
It is possible to adopt one or more of those selected from 
Te, Bi, Pb, Sn, Se , Li, Sb , Se, Tl, Ca, Cd, and Ni as the 
low melting point metal. 

It is preferable that an element for improving 
reactivity with the carbon or the allotrope thereof is added 
to the metal. It is possible to adopt one or more of those 
selected from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn as the 
element to be added. 



It is preferable that an element, which has a 
temperature range of solid phase/liquid phase of not less 
than 30 °C, desirably not less than 50 °C, is added to the 
metal in order to improve molten metal flow performance. 

5 Accordingly, it is possible to reduce the dispersion during 

the infiltration, the residual pores are decreased, and it 
is possible to improve the strength. The same or equivalent 
effect can be also obtained by increasing the infiltration 
pressure- It is possible to adopt one or more of those 
IO5 selected from Sn, P, Si, and Mg as the element to be added. 

,5 Further, it is preferable that an element for decreasing a 

j,i melting point is added to the metal. The element to be 

i'~ added is Zn, for example. 

hi 1 

I :! 

It is also preferable that a carbide layer is formed on 
15i a surface of the carbon or the allotrope thereof by means of 

a reaction at least between the carbon or the allotrope 

i i : 

(!3 thereof and the element to be added. In this case, it is 

possible to adopt one or more of those selected from Ti, W, 
Mo, Nb, Cr, Zr, Be, Ta, V, B, and Mn as the element to be 

20 added. 

It is possible to adopt at least one selected from Cu, 
Al, and Ag, as the metal to be combined with the carbon or 
the allotrope thereof. Each of the metals Cu, Al, and Ag 
has high conductivity. 

25 In the present invention, a ratio of coefficient of 

thermal conductivity is not more than 1 : 5 between a 
direction in which the coefficient of thermal conductivity 
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is minimum and a direction in which the coefficient of 
thermal conductivity is maximum. Accordingly, the 
coefficient of thermal conductivity has a characteristic 
approximately equal to the isotropic characteristic. 
Therefore, the heat is diffused in a well- suited manner. 
Thus, the heat sink material is preferably used for a heat 
sink. Further, it is unnecessary to consider the direction 
of installation case by case, thereby advantageous on the 
practical mounting. 

According to another aspect of the present invention, 
there is provided a method of producing a heat sink 
material, comprising the steps of: sintering carbon or 
allotrope thereof to form a network for obtaining a porous 
sintered member; infiltrating the porous sintered member 
with metal; and cooling the porous sintered member 
infiltrated with at least the metal. 

Accordingly, it is possible to easily produce the heat 
sink material having a coefficient of thermal expansion 
approximately coincident with those of a ceramic substrate 
(such as silicon or GaAs ) , a semiconductor substrate (such 
as silicon or GaAs), etc. and having good thermal 
conductivity. It is possible to improve the productivity of 
a heat sink having a high quality. 

It is also preferable that in the sintering step, the 
carbon or the allotrope thereof is placed in a vessel, and 
an interior of the vessel is heated to produce the porous 
sintered member of the carbon or the allotrope thereof. 



It is also preferable that in the infiltrating step, 
the porous sintered member is immersed in molten metal of 
the metal introduced into a vessel, and the porous sintered 
member is infiltrated with the molten metal by introducing 
5 infiltrating gas into the vessel to pressurize an interior 

of the vessel. In this case, it is preferable that the 
force of the pressurization is four to five times as strong 
as a compressive strength of the porous sintered member of 
the carbon or the allotrope thereof or less than four to 
1Q^ five times the compressive strength of the porous sintered 

member. Alternatively, the force of the pressurization is 
j'H preferably 1.01 to 202 MPa (10 to 2000 atmospheres). In the 

l^ 1 cooling step in this case, the infiltrating gas in a vessel 

': ? i 
f . ! 

i,!e? may be vented, and cooling gas may be quickly introduced to 

15«* cool an interior of the vessel. 

The following method is exemplified as another 
l!3 production method. The sintering step includes a step of 

! e 
;: r= 

setting the carbon or the allotrope thereof in a case, and a 
step of preheating an interior of the case to prepare the 

20 porous sintered member of the carbon or the allotrope 

thereof, and the infiltrating step includes a step of 
setting the case in a mold of a press machine, a step of 
pouring molten metal of the metal into the case, and a step 
of forcibly pressing the molten metal downwardly with a 

25 punch of the press machine to infiltrate the porous sintered 

member in the case with the molten metal. 

In this case, it is preferable that a pressure of the 
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forcible pressing by the punch is four to five times as 
strong as a compressive strength of the porous sintered 
member of the carbon or the allotrope thereof or less than 
four to five times the compressive strength of the porous 
5 sintered member. Alternatively, the preferable pressure is 

1.01 to 202 MPa (10 to 2000 atmospheres). It is preferable 
that a mold formed with a gas vent hole for venting any 
remaining gas in the porous sintered member or formed with a 
gap for venting gas. 
10 3 It is also preferable that in the cooling step, the 

! 2 heat sink material, in which the porous sintered member is 

j f infiltrated with the metal, is cooled by cooling gas blown 

thereagainst or by using a cooling zone or a cooling mold 
where cooling water is supplied. 
15=f According to still another aspect of the present 

invention, there is provided a method of producing a heat 

t 3 

I.U 

Q sink material, comprising the steps of: mixing water or a 

binder with powder of carbon or allotrope thereof to obtain 
a mixture; forming the obtained mixture into a preformed 

20 product under a predetermined pressure; and infiltrating the 

preformed product with metal. 

According to still another aspect of the present 
invention, there is provided a method of producing a heat 
sink material, comprising the steps of: mixing powder of 

25 carbon or allotrope thereof with metal dissolved into a 

liquid state or a solid-liquid co-existing state to obtain a 
mixture; and casting the obtained mixture. 
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According to still another aspect of the present 
invention, there is provided a method of producing a heat 
sink material, comprising the steps of: mixing powder of 
carbon or allotrope thereof with powder of metal to obtain a 
mixture; and pressurizing the obtained mixture placed in a 
mold of a hot press machine at a predetermined temperature 
under a predetermined pressure to form into the heat sink 
material . 

According to still another aspect of the present 
10^ invention, there is provided a method of producing a heat 

sink material, comprising the steps of: mixing powder of 
carbon or allotrope thereof with powder of metal to obtain a 
mixture; preforming the obtained mixture to prepare a 
iy preformed product; and pressurizing the preformed product 

153 placed in a mold of a hot press machine at a predetermined 

K temperature under a predetermined pressure to form into the 

! : i 

q heat sink material. 

According to still another aspect of the present 
invention, there is provided a method of producing a heat 
20 sink material, comprising the steps of: mixing a pulverized 

cut material of carbon or allotrope thereof with powder of 
metal, and preforming to prepare a mixture; and pressurizing 
the mixture placed in a mold of a hot press machine at a 
predetermined temperature under a predetermined pressure to 
25 form into the heat sink material. 

According to still another aspect of the present 
invention, there is provided a method of producing a heat 
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sink material, comprising the steps of: mixing a pulverized 
cut material of carbon or allotrope thereof with powder of 
metal to obtain a mixture; preforming the obtained mixture 
to prepare a preformed product; and pressurizing the 
5 preformed product placed in a mold of a hot press machine at 

a predetermined temperature under a predetermined pressure 
to form into the heat sink material. 

In the production methods described above, it is 
preferable that the predetermined temperature is relatively 
lQg -10 °C to -50 °C with respect to a melting point of the 

i.Q 

metal, and it is preferable that the predetermined pressure 
jj is 10.13 to 101.32 MPa (100 to 1000 atmospheres). 

In the production methods described above, it is also 
preferable that the heat sink material is heated to a 



i F5 

Mi 



I'* 
Id 

£3 



15g temperature of not less than a melting point of the metal 

after the pressurizing step. 

Further, it is also preferable that the metal is at 
least one selected from Cu, Al, and Ag. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a perspective view illustrating 
construction of a heat sink material according to a first 
embodiment ; 

FIG. 2 A shows, with partial cutaway, a front of a high 
25 pressure vessel to be used in a first production method; 

FIG. 2B shows, with partial cutaway, a side of the high 
pressure vessel; 
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FIG. 3 shows a block diagram illustrating steps of the 
first production method; 

FIG. 4 shows a block diagram illustrating steps of a 
first modified method of the first production method; 
5 FIG. 5 shows a block diagram illustrating steps of a 

second modified method of the first production method; 

FIG. 6 shows an arrangement of a furnace to be used in 
a second production method; 

FIG. 7 shows a press machine to be used in the second 
10^ 5 production method; 

? 4 FIG. 8 shows a block diagram illustrating steps of the 

I. A 

second production method; 

FIG. 9 shows a perspective view illustrating 
construction of a heat sink material according to a second 
1 53 embodiment ; 

i F! 

l 1 ^ FIG. 10 shows an arrangement of a preforming machine to 

i3 be used in a third production method; 

FIG. 11 shows an arrangement of a hot press machine to 
be used in the third production method; 
20 FIG. 12 shows a block diagram illustrating steps of the 

third production method; 

FIG. 13 shows a block diagram illustrating steps of a 
fourth production method; 

FIG. 14 shows an arrangement of a hot press machine to 
25 be used in the fourth production method; 

FIG. 15 shows a perspective view illustrating 
construction of a heat sink material according to a third 



in 
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embodiment ; 

FIG- 16 shows a block diagram illustrating steps of a 
fifth production method; 

FIG. 17 shows a table illustrating characteristics of 
the heat sink material according to the fifth production 
method; 

FIG. 18 shows a block diagram illustrating steps of a 
sixth production method; 

FIG. 19 shows a table illustrating results of an 
exemplary experiment concerning a carbon P; 

FIG. 20 shows a table illustrating results of an 
exemplary experiment concerning a carbon M; 

FIG. 21 shows a table illustrating results of an 
exemplary experiment concerning a carbon N; 

FIG. 22 shows a table illustrating characteristics of 
carbons P, M, and N; 

FIG. 23 shows a table in which representative examples 
concerning a case based on a mold press and a case based on 
gas pressurization are extracted from the experimental 
results ; 

FIG. 24 shows characteristic curves illustrating the 
change of the porosity and the density with respect to the 
infiltration pressure ; 

FIG. 25 shows characteristic curves illustrating the 
relationship between the measured density and the average 
density for respective lots; 

FIG. 26 shows a characteristic curve illustrating the 
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change of the coefficient of thermal conductivity with 
respect to the infiltration pressure; 

FIG. 27 shows a characteristic curve illustrating the 
change of the compressive strength with respect to the 
5 infiltration pressure; 

FIG. 28 shows a characteristic curve illustrating the 
change of the density with respect to the infiltration 
pressure; 

FIG. 29 shows a characteristic curve illustrating the 
10.==; change of the coefficient of thermal expansion with respect 



to the infiltration pressure; 

FIG. 30 shows a table illustrating the difference of 
the reaction situation of SiC/Cu and the infiltration 
situation of Cu when appropriate change is made for the 



15 ~ porosity of SiC, the pore diameter, the presence or absence 

of Ni plating, the presence or absence of Si infiltration, 
p the infiltration temperature, the pressurization , the 

pressurization time, and the cooling speed; 

FIG. 31 shows characteristic curves illustrating the 
20 change of the residual pore with respect to the infiltration 

pressure; 

FIG. 32 shows characteristic curves illustrating the 
change of the residual pore with respect to the additive 
element ; 

25 FIG. 33 shows a schematic arrangement of a hot press 

machine to be used in a seventh production method; 

FIG. 34 shows a block diagram illustrating steps of the 
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seventh production method; 

FIG. 35A shows a plan view illustrating a packing 
member; 

FIG. 35B shows a sectional view taken along a line 
XXIVB-XXIVB shown in FIG. 35A; 

FIG. 36 shows a schematic arrangement of another 
exemplary hot press machine to be used in the seventh 
production method; 

FIG. 37 shows a schematic arrangement of a hot press 
machine to be used in a modified method of the seventh 
production method; 

FIG. 38 shows a block diagram illustrating steps of the 
modified method of the seventh production method; 

FIG. 39 shows a schematic arrangement of a hot press 
machine to be used in an eighth production method; and 

FIG. 40 shows a block diagram illustrating steps of the 
eighth production method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Illustrative embodiments of the heat sink material and 
the method of producing the same according to the present 
invention will be explained below with reference to FIGS. 1 
to 40. 

As shown in FIG. 1, a heat sink material 10A according 
to the first embodiment comprises a porous sintered member 
12 obtained by sintering carbon or allotrope thereof to form 
a network, in which the porous sintered member 12 is 



infiltrated with metal 14. 

In this case, the carbon preferably used or the 
allotrope thereof has a coefficient of thermal conductivity 
of not less than 100 W/mK, desirably not less than 150 W/mK 
(estimated value in a state in which no pore exists), and 
more desirably not less than 200 W/mK (estimated value in a 
state in which no pore exists). 

This embodiment is illustrative of a case of the heat 
sink material in which open pores of the porous sintered 
member 12 of graphite having a coefficient of thermal 
conductivity of not less than 100 W/mK are infiltrated with 
copper. Those usable as the metal 14 of infiltration other 
than copper include aluminum and silver. 

As for the volume ratios of the porous sintered member 
12 and the metal 14, the volume ratio of the porous sintered 
member 12 is within a range from 50 to 80 % by volume, and 
the volume ratio of the metal 14 is within a range from 50 
to 20 % by volume. Accordingly, it is possible to obtain 
the heat sink material in which the average coefficient of 
thermal conductivity of those in the directions of the 
orthogonal three axes, or the coefficient of thermal 
conductivity in the direction of any axis is 180 to 220 W/mK 
or more, and in which the coefficient of thermal expansion 
is 1 x 10" 6 to 10 x 10" 6 /°C. 

The porosity of the porous sintered member 12 is 
desirably 10 to 50 % by volume, for the following reason. 
That is, if the porosity is not more than 10 % by volume, it 



is impossible to obtain the average coefficient of thermal 
conductivity of those in the directions of the orthogonal 
three axes, or the coefficient of thermal conductivity in 
the direction of any axis of not less than 180 W/mK (room 
temperature). If the porosity exceeds 50 % by volume, then 
the strength of the porous sintered member 12 is lowered, 
and it is impossible to suppress the coefficient of thermal 
expansion to be not more than 15.0 x 10" 6 /°C. 

It is desirable that the value of the average open pore 
diameter (pore diameter) of the porous sintered member 12 is 
0.1 to 200 |jm. If the pore diameter is less than 0.1 pun, 
then it is difficult to infiltrate the interior of the open 
pores with the metal 14, and the coefficient of thermal 
conductivity is lowered. On the other hand, if the pore 
diameter exceeds 200 |xm, then the strength of the porous 
sintered member 12 is lowered, and it is impossible to 
suppress the coefficient of thermal expansion to be low. 

As for the distribution (pore distribution) in relation 
to the average open pores of the porous sintered member 12, 
it is preferable that not less than 90 % by volume of the 
pores having diameters from 0.5 to 50 \xm are distributed. 
If the pores of 0.5 to 50 fim are distributed by less than 
90 % by volume, then the open pores, which are not 
infiltrated with the metal 14, are increased, and the 
coefficient of thermal conductivity may be lowered. 

As for the closed porosity of the heat sink material 
10A obtained by infiltrating the porous sintered member 12 



with the metal 14, it is preferable that the closed porosity 
is not more than 12 % by volume. If the closed porosity 
exceeds 5 % by volume, the coefficient of thermal 
conductivity may be lowered. 

An automated porosimeter (trade name: Autopore 9200), 
which is produced by Shimadzu Corporation, was used to 
measure the porosity, the pore diameter, and the pore 
distribution . 

In the heat sink material 10A according to the first 
embodiment, it is preferable that the graphite is added with 
an additive which reduces the closed porosity when the 
graphite is sintered. The additive is exemplified by SiC 
and/or Si. Accordingly, it is possible to decrease the 
closed pores upon the sintering, and it is possible to 
improve the infiltration ratio of the metal 14 with respect 
to the porous sintered member 12. 

It is also preferable that an element, which reacts 
with the graphite, may be added to the graphite. The 
element to be added is exemplified by one or more of those 
selected from Ti, W, Mo, Nb, Cr, Zr, Be, Ta, V, B, and Mn. 
Accordingly, a reaction layer (carbide layer) is formed on 
the surface of the graphite (including the surface of the 
open pore) during the sintering of the graphite. The 
wettability is improved with respect to the metal 14 with 
which the open pores of the graphite are infiltrated. The 
infiltration can be performed at a low pressure. Further, 
fine open pores can be also infiltrated with the metal. 



On the other hand, it is preferable that one or more of 
those selected from Te, Bi, Pb, Sn, Se, Li, Sb, Tl, Ca, Cd, 
and Ni are added to the metal 14 with which the porous 
sintered member 12 is infiltrated. Accordingly, the 
5 wettability is improved for the interface between the porous 

sintered member 12 and the metal 14. The metal 14 easily 
enters the open pores of the porous sintered member 12. 
Especially, Ni makes carbon easily dissolved and subject to 
the infiltration. 

103 It is preferable that one or more of those selected 

i ft 

vS from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn are added to the 

id metal 14 with which the porous sintered member 12 is 

I.U 

ifl infiltrated. Accordingly, the reactivity between the 

r tl 

graphite and the metal is improved. The graphite and the 
iS metal easily make tight contact with each other in the open 

[tSs 

l:! pores. It is possible to suppress the occurrence of closed 

I"f pores . 

Further, it is preferable that an element having a 
temperature range of solid-liquid phase of not less than 30 
20 °C, desirably not less than 50 °C, for example, one or more 

of those selected from Sn, P, Si, and Mg are added to the 
metal 14 with which the porous sintered member 12 is 
infiltrated. That is because the molten metal flow 
performance is improved and the residual pores are 
2 5 decreased. Accordingly, it is possible to reduce the 

dispersion upon the infiltration. Further, the residual 
pores are decreased, and it is possible to improve the 
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strength. The equivalent effect can be also obtained by 
increasing the infiltration pressure. It is preferable that 
an element to lower the melting point is added to the metal 
14. Zn can be an additive element, for example. 

Next, explanation will be made with reference to FIGS. 
2A to 8 for several methods of producing the heat sink 
material 10A according to the first embodiment. 

Both of first and second production methods of 
producing the heat sink material 10A according to the first 
embodiment comprise a sintering step of producing the porous 
sintered member 12 by sintering graphite to form a network, 
and an infiltrating step of infiltrating the porous sintered 
member 12 with the metal 14. 

As specifically shown in FIGS. 2A and 2B by way of 
example, the first production method is carried out by using 
a high pressure vessel 30. The high pressure vessel 30 is 
provided with rotary shafts 38 at approximately central 
portions of both side plates 34, 36 of a boxy casing 32, 
respectively. The casing 32 itself is rotatable about the 
center of the rotary shafts 38. 

A refractory vessel 40 and a heater 42 for heating the 
refractory vessel 40 are provided in the casing 32. The 
refractory vessel 40 is a box- shaped object provided with a 
hollow section 44. An opening 46 communicating with the 
hollow section 44 is provided at a central portion in the 
height direction at one side surface. An ingot of the metal 
14 or molten metal of the metal 14 as a material for the 



infiltration is set in one part of the hollow section 
(hereinafter referred to as a "first chamber 44a") of the 
hollow section 44 which is divided by the center of the 
opening 46. 

5 A plurality of the porous sintered members 12 as a 

material subjected to the infiltration are attached to the 
other part of the hollow section (hereinafter referred to as 
a "second chamber 44b"). A support mechanism for the porous 
sintered members 12 is provided so that the porous sintered 
10 3 members 12 do not fall downwardly even when the second 

chamber 44b is located upwardly. The heater 4 2 has a 

j. 

jj structure which is not destroyed even at a high pressure of 

id 

iF : 300 MPa. 

!i - The high pressure vessel 30 is provided with a suction 

15^ tube 48 for evacuation, and an introducing tube 50 and a 

I'* discharge tube 52 for a gas applying high pressure and a 

I J 

□ cooling gas . 

Next, explanation will be made with reference to FIG. 3 
for the first production method based on the use of the high 
20 pressure vessel 30. 

At first, in step SI, the porous sintered member 12 of 
graphite is prepared by performing a step of forming 
graphite into a rod shape, a step of infiltrating graphite 
with a pitch (a kind of coal tar), and a step of heating and 
25 sintering graphite. 

When the graphite is formed to be the rod shape, the 
pitch is mixed with graphite powder and extruded in an 
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atmosphere at about 150 °C into the rod shape (cj>100 to (j)600, 
the length is about 3000 mm) . The graphite at this stage 
includes many pores, and it has a low coefficient of thermal 
conductivity . 

Subsequently, vacuum degassing is performed in order to 
decrease the pores of the graphite. The graphite is 
infiltrated with the pitch in the vacuum and sintered at 
about 1000 °C. These steps are repeated about three times. 

Then, the graphite is further heated and sintered in a 
furnace at about 3000 °C in order to improve the coefficient 
of thermal conductivity. In this procedure, the furnace is 
covered with carbon powder in order to prevent the graphite 
from burning, and the graphite itself is covered with carbon 
powder. The step of heating the graphite may be performed 
by directly applying electricity to the graphite to effect 
heating and sintering. 

In accordance with the above procedure, the porous 
sintered member 12 is obtained. It is desirable that the 
porous sintered member 12 is further pre-machined depending 
on the shape of the final product. 

After that, in step S2, for the initial state the high 
pressure vessel 30 is located such that the first chamber 
44a is positioned at the lower side of the refractory vessel 
40 provided inside of the high pressure vessel 30. 

After that, the porous sintered members 12 and the 
ingot of the metal 14 are placed in the refractory vessel 40 
of the high pressure vessel 30. The ingot of the metal 14 



is arranged in the first chamber 44a of the refractory 
vessel 40, and the porous sintered members 12 are set in the 
second chamber 44b (step S3). At this time, it is 
preferable that the porous sintered members 12 are preheated 
beforehand. The preheating is performed such that the 
porous sintered member 12 is set in a carbon case or it is 
covered with a heat-insulating material. When the 
temperature becomes a predetermined temperature, the porous 
sintered member 12 is set to the second chamber 44b as 
described above exactly in the state in which the porous 
sintered member 12 is set in the case or it is covered with 
the heat -insulating material. 

Next, the high pressure vessel 30 (and the refractory 
vessel 40) is tightly enclosed, and then the interior of the 
high pressure vessel 30 is evacuated by the aid of the 
suction tube 48 to give a negative pressure state in the 
high pressure vessel 30 (step S4). 

The electric power is applied to the heater 42 to heat 
and melt the metal 14 in the first chamber 44a (step S5). 
In the following description, the heated and melted metal 14 
is referred to as "molten metal 14" as well for convenience. 

After that, when the molten metal 14 in the first 
chamber 44a arrives at a predetermined temperature, the high 
pressure vessel 30 is rotated by 180 degrees (step S6). As 
a result of the rotating operation, the first chamber 44a is 
located at the upper side. Therefore, the molten metal 14 
in the first chamber 44a falls by its own weight into the 
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second chamber 4 4b which is disposed at the lower side. 
Then, the porous sintered members 12 are immersed in the 
molten metal 14. 

Subsequently, an infiltrating gas is introduced into 
5 the high pressure vessel 30 via the gas -introducing tube 50 

to pressurize the interior of the high pressure vessel 30 
(step S7). Owing to this pressurization treatment, the open 
pores of the porous sintered members 12 are infiltrated with 
the molten metal 14. 
lQj The procedure immediately proceeds to the cooling step 

l( g at the point of time when the infiltrating step is 

I z 

completed. In the cooling step, the high pressure vessel 30 

; i 

j.Li 

;p is firstly rotated by 180 degrees again (step S8). As a 

i J 

I result of the rotating operation, the first chamber 44a is 

15% located at the lower side. Therefore, the molten metal 14 

! " in the second chamber 44b falls into the first chamber 44a 

I : I 

I; ~Z 

,i Ml 

again. 

t; « 

The open pores of the porous sintered members 12 are 
infiltrated with a part of the molten metal 14 owing to the 

20 pressurization treatment (infiltration treatment) in step S7 

described above. Therefore, the molten metal 14, which 
falls into the first chamber 44a at the lower side, is 
residual molten metal with which the porous sintered members 
12 are not infiltrated. When the residual molten metal 

25 falls into the first chamber 44a, the porous sintered 

members 12, which are infiltrated with the molten metal 14, 
remain in the second chamber 44b. 
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After that, the infiltrating gas in the high pressure 
vessel 30 is discharged via the gas discharge tube 52. 
Simultaneously with the discharging, the cooling gas is 
introduced into the high pressure vessel 30 via the gas- 
introducing tube 50 (step S9). Owing to the discharge of 
the infiltrating gas and the introduction of the cooling 
gas, the cooling gas is thoroughly circulated in the high 
pressure vessel 30. Thus, the high pressure vessel 30 is 
quickly cooled. Owing to the quick cooling, the molten 
metal 14, with which the porous sintered member 12 is 
infiltrated, is quickly solidified into mass of the metal 
14, and the volume is expanded. Therefore, the infiltrating 
metal 14 is tightly retained in the porous sintered member 
12. 

Another cooling step is shown in a frame indicated by 
dashed lines in FIG. 3. The high pressure vessel 30 or the 
porous sintered member 12 infiltrated with the molten metal 
14 is transported to a cooling zone when the treatment in 
step S8 is completed. The high pressure vessel 30 or the 
porous sintered member 12 infiltrated with the molten metal 
is made contact with a chill block installed in the cooling 
zone (see step S10). 

By the contact with the chill block, the porous 
sintered member 12 is quickly cooled. The cooling process 
may be performed while blowing the porous sintered member 12 
with a cooling gas, or cooling the chill block with water. 
Especially, it is preferable that the cooling is performed 
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while taking the molten metal feeding effect into 
consideration . 

The infiltration treatment for the porous sintered 
member 12 composed of graphite with the metal 14 can be 
easily carried out by performing the respective steps of the 
first production method as described above. Further, the 
infiltration ratio of the metal 14 in the porous sintered 
member 12 can be improved. It is possible to easily obtain 
the heat sink material 10A in which the average coefficient 
of thermal conductivity of those in the directions of the 
orthogonal three axes, or the coefficient of thermal 
conductivity in the direction of any axis is 180 to 220 W/mK 
or more, and the coefficient of thermal expansion is 1 x 
10" 6 to 10 x 10' 6 /°C. 

However, when SiC is adopted for the porous sintered 
member as described later on, it is possible to obtain a 
heat sink material in which the average coefficient of 
thermal expansion of those from room temperature to 200 °C 
is 4.0 x 10" 6 to 9.0 x 10" 6 /°C, and the average coefficient 
of thermal conductivity of those in the directions of the 
orthogonal three axes, or the coefficient of thermal 
conductivity in the direction of any axis is not less than 
160 W/mK (room temperature), preferably not less than 180 
W/mK. 

In step S5 described above, when the heater 42 is 
powered to heat and melt the metal 14 in the first chamber 
44a, it is desirable that the predetermined temperature 
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(heating temperature) to proceed to step S6 is preferably a 
temperature higher than the melting point of the metal 14 by 
30 °C to 250 °C, and more preferably a temperature higher 
than the melting point by 50 °C to 200 °C. In this case, it 
is preferable that the interior of the high pressure vessel 
30 is in vacuum of not more than 1 x 10" 3 Torr. 

^Tn^step S7 described above, the pressure applied to the 
high pressurises sel 30, by introducing the infiltrating gas 
into the high pressilse vessel 30, is not less than 0.98 MPa 
and not more than 202 MPaT^tn this case, the pressure is 
preferably not less than 4,9 MPa and not more than 202 MPa, 
and more preferably not less than 9.8 M^s^and not more than 
202 MP. 

The higher pressure is preferred in view of the 
improvement in infiltration ratio and the improvement in 
cooling ability. However, if the pressure is excessively 
high, then the graphite tends to be destroyed, and the cost 
of the equipment endurable to the high pressure is 
expensive. Therefore, the pressure is selected in 
consideration of these factors. 

It is preferable that the period of time to apply the 
pressure to the high pressure vessel 30 is favorably not 
less than 1 second and not more than 60 seconds, and 
desirably not less than 1 second and not more than 30 
seconds . 

Tin Mm pnrfic; n-F tho porous sintered member 20, as 
described above, it is desirable that thosTliaviiigan 
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by volume, and the porosity is 10 to 50 % by voium«. 

However, when SiC is adopted for a porous sintered 
member described later on, it is desirable that those having 
an average diameter of 5 to 50 |uan exist by not less than 
90 % by volume, and the porosity is 20 to 70 % by volume . 

It is desirable that the cooling speed in the cooling 
step is preferably -400 °C/hour or faster, and more 
preferably -800 °C/hour or faster in the period from the 
condition at temperature of the infiltration to the 
condition at 800 °C. 

In step S7 described above, the pressure necessary to 
completely infiltrate the open pores of the porous sintered 
member 12 with the metal 14 is applied to the high pressure 
vessel 30. In this case, if open pores remain not 
infiltrated with the metal 14 in the porous sintered member 
12, the thermal conductivity is extremely inhibited. 
Therefore, it is necessary to apply the high pressure. 

The pressure can be roughly presumed in accordance with 
the Washburn's equation. However, the smaller the pore 
diameter is, the larger the necessary force is. According 
to this equation, a pressure of 39.2 MPa is appropriate in 
the case of a pore meter having 0.1 ^LmtJ), a pressure of 3.92 
MPa is appropriate in the case of 1.0 ymfy, and a pressure of 
0.392 MPa is appropriate in the case of 10 fim<|>. However, 
pores of not more than 0.01 actually exist in a material 

in which the average pore diameter is 0.1 jim(j> (see FIGS. 31 
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and 32). Therefore, it is necessary to use a larger 
pressure. Specifically a pressure of 39 2 MPa is required in 
the case of 0.01 

Preferred examples of the element to be added to the 
graphite and the element to be added to the metal have been 
already described, and explanation thereof is omitted in 
this section. 

Next, explanation will be made with reference to FIGS. 
4 and 5 for several modified methods of the first production 



1013 method. 



In the first modified method, as shown in FIG. 4, 
graphite is firstly sintered to prepare a porous sintered 
member 12 composed of graphite (step S101). For the initial 
state, the high pressure vessel 30 is positioned at the 



i! 

f 3 

15g lower side such that the first chamber 44a of the refractory 



vessel 40 provided in the high pressure vessel 30 (step 

5102) . 

After that, the porous sintered members 12 are set in 
the second chamber 44b, and the previously melted metal 
20 (molten metal) 14 is poured into the first chamber 44a (step 

5103) . 

Then, the high pressure vessel 30 is rotated by 180 
degrees when the molten metal 14 in the first chamber 44a 
arrives at a predetermined temperature (step S104). As a 
25 result of the rotating operation, the molten metal 14 in the 

first chamber 44a falls into the second chamber 44b located 
at the lower side. Accordingly, the porous sintered member 
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12 is infiltrated with the molten metal 14. 

After that, the infiltrating gas is introduced into the 
high pressure vessel 30 via the gas -introducing tube 50 to 
pressurize the interior of the high pressure vessel 30 (step 
S105). By the pressurization , the open pores of the porous 
sintered members 12 are infiltrated with the molten metal 
14. 

Next, the second modified method will be explained with 
reference to FIG. 5. In an infiltrating step of the second 
modified embodiment, the high pressure vessel 30 is used, 
which includes a partition plate (not shown) composed of a 
porous ceramic material provided at a central portion in the 
refractory vessel 40 installed in the high pressure vessel 
30. The interior of the refractory vessel 40 is comparted 
by the partition plate into a first chamber 44a and a second 
chamber 44b. 

As for the partition plate, it is desirable to use a 
porous ceramic material having the porosity of 40 to 90 % by 
volume, and the pore diameter of 0.5 to 3.0 mm. More 
preferably, it is desirable to use a porous ceramic material 
having the porosity is 70 to 85 % by volume, and the pore 
diameter of 1.0 to 2.0 mm. 

In the second modified embodiment, as shown in FIG. 5, 
graphite is firstly sintered to prepare a porous sintered 
member 12 of graphite (step S201). For the initial state, 
the high pressure vessel 30 is located such that the first 
chamber 44a of the refractory vessel 40 provided in the high 



pressure vessel 30 is positioned on the lower side, and the 
second chamber 44b is positioned on the upper side (step 
S202) . 

Then, the porous sintered members 12 and the ingot of 
the metal 14 are placed in the refractory vessel 40 of the 
high pressure vessel 30. The ingot of the metal 14 is 
positioned on the upper side in the second chamber 44b, and 
the porous sintered members 12 are set in the first chamber 
44a positioned on the lower side (step S203). 

Subsequently, the high pressure vessel 30 (as well as 
refractory vessel 40) is tightly enclosed, and then the 
evacuation is effected for the interior of the high pressure 
vessel 30 by the aid of the suction tube 48 so that the 
interior of the high pressure vessel 30 is in the negative 
pressure state (step S204). 

The heater 42 is powered to heat and melt the metal 14 
in the second chamber 44b (step S205). When the molten 
metal 14 arrives at a predetermined temperature, the 
infiltrating gas is introduced into the high pressure vessel 
30 via the gas -introducing tube 50 to pressurize the 
interior of the high pressure vessel 30 (step S206). By the 
pressurization treatment, the molten metal 44 in the second 
chamber 44b positioned on the upper side passes through the 
partition plate, and the open pores of the porous sintered 
members 12 in the first chamber 44a positioned on the lower 
side are infiltrated therewith . 

Next, a second production method will be explained with 



reference to FIGS- 6 to 8 . In the second production method, 
a furnace 60 for sintering graphite to prepare the porous 
sintered member 12 as shown in FIG. 6 and a press machine 62 
for infiltrating the porous sintered member 12 with the 
metal 14 as shown in FIG. 7 are used. 

^?*6Lshown in FIG. 6, the furnace 60 is generally used to 
make a grapfcbte material into the graphite form. The 
furnace 60 has ins^e thereof a space 72 capable of setting 
a case 70, and a heater 74 used to heat the case 70 set in 
the space 72. The case 70 is^posed of, for example, a 
material such as graphite, ceramics\cerapaper (heat- 
insulating material composed of ceramicsN^ich as alumina) . 
The graphite is set in the case 70. 

As shown in FIG. 7, the press machine 62 has a mold 82 
which has a recess 80 with an upper opening, and a punch 84 
insertable into the recess 80 and forcibly pressing the 
contents in the recess 80 downwardly. 

Next, explanation will be made with reference to FIG. 8 
for the second production method based on the use of the 
furnace 60 and the press machine 62. 

At first, the graphite is placed in the case 70, and 
the case 70 is set in the furnace 60 (step S301). The 
atmosphere in the furnace 60 is heated to sinter the 
graphite so that the porous sintered member 12 is prepared 
( step S302 ) . 

Alternatively, in this step, a current may be applied 
to the graphite to heat it up to about 3000 °C so that the 
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porous sintered member 12 is prepared. 

After that, the case 70 with the porous sintered member 
12 therein is taken out of the furnace 60, and is set in the 
recess 80 of the press machine 62 (step S303). 
5 Subsequently, the molten metal 86 of the metal 14 is 

poured into the case 70 (step S304), and then the punch 84 
is inserted into the recess 80. The molten metal 86 in the 
case 70 is forcibly pressed downwardly (step S305). Owing 
to the pressing treatment with the punch 84, the open pores 
103 of the porous sintered member 12 are infiltrated with the 

i,5 molten metal 86 of the metal 14. 

I ( y In the second production method described above, it is 

W 

\j\ preferable that the pressure during the forcible pressing 

process with the punch 84 is 1.01 to 202 MPa (10 to 2000 

S3 

1§3 atmospheres). As shown in FIG. 7, gas vent holes 88, 90 

and/or gaps for venting the gas remaining in the porous 
j'j sintered member 12 may be formed at the bottom of the case 

70 and/or the bottom of the mold 82. In this case, the gas 
remaining in the porous sintered member 12 is vented through 

20 the gas vent holes 88, 90 during the forcible pressing 

process with the punch 84. Therefore, the infiltration of 
the open pores with the molten metal 86 is smoothly 
performed. 

As described above, when the respective steps of the 
2 5 second production method are carried out, the porous 

sintered member 12 composed of graphite can be easily 
subjected to the infiltration treatment with the metal 14. 



- 38 - 



Further, it is possible to improve the ratio of infiltration 
of the porous sintered member 12 with the metal 14. It is 
possible to easily obtain the heat sink material 10A in 
which the average coefficient of thermal conductivity of 
those in the directions of the orthogonal three axes , or the 
coefficient of thermal conductivity in the direction of any 
axis is 180 to 220 W/mK or more, and the coefficient of 
thermal expansion is 1 x 10" 6 to 10 x 10" 6 /°C. 

A furnace, which utilizes preheating, may be used in 
place of the furnace 60 described above. In this case, a 
porous sintered member 12 of a material previously formed 
into a compact or graphite is preheated. The graphite (or 
SiC as described later on) formed to have a network by the 
aid of this treatment is easily infiltrated with the metal 
14. As for the temperature for the preheating process, it 
is desirable that the preheating is performed up to a 
temperature approximately equivalent to the temperature of 
the molten metal 86. Specifically, when the molten metal 86 
is at about 1200 °C, it is desirable that the preheating 
temperature for the graphite is 1000 to 1400 °C. 

Next, a heat sink material 10B according to the second 
embodiment will be explained with reference to FIG. 9. 

As shown in FIG. 9, the heat sink material 10B 
according to the second embodiment is constructed by mixing 
powder 12a of carbon or allotrope thereof and powder 14a of 
metal 14, and forming an obtained mixture at a predetermined 
temperature under a predetermined pressure. 
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Those preferably used as the carbon or the allotrope 
thereof are those having a coefficient of thermal 
conductivity of not less than 100 W/mK, desirably not less 
than 150 W/mK (estimated value when no pore exists), and 
5 more desirably not less than 200 W/mK (estimated value when 

no pore exists). Especially, in the second embodiment, it 
is possible to use diamond other than graphite. This 
embodiment is illustrative of the heat sink material 10B 
constructed by mixing powder of copper and powder of 
graphite having a coefficient of thermal conductivity of not 

i'g less than 100 W/mK, and forming an obtained mixture. It is 

i i 

possible to use aluminum and silver as the metal 14 other 

i . i 

than copper. 

U ^ The heat sink material 10B according to the second 

15~ embodiment can be also constructed by mixing a pulverized 

i,y 

cut material of carbon or allotrope thereof (for example, a 
p pulverized cut material of carbon fiber) and powder 14a of 

the metal 14, and forming an obtained mixture at a 
predetermined temperature under a predetermined pressure. 

20 Considering the forming process to be performed in a 

press mold, it is preferable that the predetermined 
temperature is relatively -10 to -50 °C with respect to a 
melting point of the metal 14. It is preferable that the 
predetermined pressure is 10.13 to 101.32 MPa (100 to 1000 

25 atmospheres). 

The average powder particle size of the powder 12a of 
the carbon or the allotrope thereof and the powder 14a of 
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the metal 14 is preferably 1 to 500 \xm. As for the 
volume ratios between the carbon or the allotrope thereof 
and the metal 14, the volume ratio of the carbon or the 
allotrope thereof is within a range from 20 to 60 % by 
volume, and the volume ratio of the metal 14 is within a 
range from 80 to 40 % by volume. Accordingly, it is 
possible to obtain the heat sink material 10B in which the 
average coefficient of thermal conductivity of those in the 
directions of the orthogonal three axes, or the coefficient 
of thermal conductivity in the direction of any one axis is 
200 to 350 W/mK or more, and the coefficient of thermal 
expansion is 3 x 10" 6 to 14 x 10" 6 /°C. 

In the heat sink material 10B according to the second 
embodiment, it is preferable that an additive, which makes 
it possible to perform resintering after the forming 
process, is added to the carbon or the allotrope thereof. 
The additive may be exemplified by SiC and/or Si. 
Accordingly, the resintering can be performed at a 
temperature of not less than the melting point of the metal 
14 after the forming process. In this case, grains 
generated after the forming process bind to one another as a 
result the resintering. Therefore, it is possible to almost 
exclude the grain boundary which inhibits the heat 
conduction. Thus, it is possible to improve the coefficient 
of thermal conductivity of the heat sink material 10B. 

An element reacting with the carbon or the allotrope 
thereof may be added into the carbon or the allotrope 



thereof. The additive element includes one or more of those 
selected from Ti, W, Mo, Nb, Cr, Zr, Be, Ta, V, B, and Mn. 
Accordingly, a reaction layer (carbide layer) is formed on 
the surface of the carbon or the allotrope thereof during 
the forming process and the resintering process. Thus, it 
is possible to improve the binding of grains at the surface 
of the heat sink material 10B. 

In the meantime, it is preferable that a low melting 
point metal, for example, one or more of those selected from 
Te, Bi, Pb, Sn, Se, Li, Sb, Tl, Ca, Cd, and Ni are added to 
the metal 14. Accordingly, the wettability at the interface 
between the carbon or the allotrope thereof and the metal 14 
is improved. It is possible to suppress the generation of 
the grain boundary which inhibits the heat conduction. In 
view of the heat conduction, it is preferable that the low 
melting point metal does not form solid solution with the 
metal 14. 

It is also preferable that the metal 14 is added with 
one or more of those selected from Nb, Cr, Zr, Be, Ti, Ta, 
V, B, and Mn. Accordingly, it is possible to improve the 
reactivity of the carbon or the allotrope thereof with the 
metal 14. Also in this case, it is possible to suppress the 
occurrence of the grain boundary during the forming process. 

It is preferable that an element, which has a 
temperature range of solid- liquid phase of not less than 30 
°C, desirably not less than 50 °C, including, for example, 
one or more of those selected from Sn, P, Si, and Mg, is 



added to the metal 14 in order to improve molten metal flow 
performance and reduce the residual pores. Accordingly, it 
is possible to reduce the dispersion during the 
infiltration, the residual pores are decreased, and it is 
possible to improve the strength. The equivalent effect can 
be obtained also by increasing the infiltration pressure. 

It is preferable that an element to reduce the melting 
point is added to the metal 14. The metal to be added is 
Zn, for example, . 

Next, explanation will be made with reference to FIGS. 
10 to 14 for several methods (third and fourth production 
methods) to produce the heat sink material 10B according to 
the second embodiment . 

At first, the third production method is carried out by 
using a preforming machine 100 (see FIG. 10) and a hot press 
machine 102 (see FIG. 11). Those machines are shown by way 
of example only. 

As shown in FIG. 10, the preforming machine 100 
includes a mold 112 which has a recess 110 with an upper 
opening, and a punch 114 insertable into the recess 110 and 
forcibly pressing the contents in the recess 110 downwardly. 
A mixture 104 obtained by mixing powder 12a of carbon or 
allotrope thereof and powder 14a of metal 14 is set in a 
case 70. 

As shown in FIG. 11, the hot press machine 102 
includes, in a cylindrical casing 120, a lower punch 122 
also serving as a base pedestal, a refractory vessel 124 



made of graphite fixed on the lower punch 122 with an upper 
opening, an upper punch 126 movable back and forth from an 
upper position into the refractory vessel 124, and a heater 
128 used to heat the refractory vessel 124. The refractory 
vessel 124 receives a preformed product 106 of the mixture 
104 formed by the preforming machine 100 therein. The hot 
press machine 102 has a suction tube 130 for evacuation. 

A passage 132 is provided at the inside of the lower 
punch 122 in order to flow a heating fluid for heating the 
interior of the refractory vessel 124 and a cooling fluid 
for cooling the interior of the refractory vessel 124. 

The third production method is carried out by 
performing steps shown in FIG. 12. At first, the powder 12a 
of carbon or allotrope thereof and the powder 14a of metal 
14 are placed in the case 70 and are mixed with each other 
to obtain a mixture 104 (step S401). Subsequently, the case 
70 containing the mixture 104 is set in the recess 110 of 
the mold 112 of the preforming machine 100 (step S402). 
After that, the punch 114 is forcibly inserted into the 
recess 110, and the mixture 104 is preformed to form the 
preformed product 106 (step S403). 

Subsequently, the preformed product 106 is taken out of 
the mold 112, and the preformed product 106 is set in the 
refractory vessel 124 of the hot press machine 102 (step 
S404). After tightly enclosing the refractory vessel 124, 
the interior of the refractory vessel 124 is subjected to 
evacuation by the aid of the suction tube 130 to give a 



negative pressure state in the refractory vessel 124 (step 
S405). After that, the heater 128 is powered to make the 
temperature in the refractory vessel 124 be relatively -10 
to -50 °C with respect to the melting point of the metal 14 
(step S406) . 

When the temperature becomes a predetermined 
temperature, the upper punch 126 is moved downwardly to 
pressurize the preformed product 106 so that the heat sink 
material 10B is obtained (step S407). Then, the obtained 
product is used as the actual heat sink material 10B after 
performing a processing step etc. However, when the element 
enhancing the binding force between the carbon or the 
allotrope thereof and the metal 14 is added, the heating may 
be performed over the melting point of the metal 14 after 
the pressurization described above. 

Preferred examples of the element to be added to the 
carbon or the allotrope thereof and the element to be added 
to the metal 14 have been already described, and detailed 
explanation thereof is omitted. 

As described above, when the respective steps of the 
third production method are carried out, it is possible to 
easily obtain the heat sink material 10B in which the 
average coefficient of thermal conductivity of those in the 
directions of the orthogonal three axes , or the coefficient 
of thermal conductivity in the direction of any axis is 200 
to 350 W/mK or more, and the coefficient of thermal 
expansion is 3 x 10" 6 to 14 x 10" 6 /°C. 



Next , a fourth production method will be explained with 
reference to FIGS. 13 and 14. As shown in FIG. 14 , the 
fourth production method is carried out by using only the 
hot press machine 102 without using the preforming machine 
100. 

As shown in FIG. 13, the powder 12a of the carbon or 
the allotrope thereof and the powder 14a of the metal 14 are 
firstly placed in the case 70, and are mixed with each other 
to obtain the mixture 104 (step S501). The mixture 104 in 
the case 70 is directly set in the refractory vessel 124 of 
the hot press machine 102 (step S502). After tightly 
enclosing the refractory vessel 124, the interior of the 
refractory vessel 124 is subjected to the evacuation by the 
aid of the suction tube 130 to give a negative pressure 
state in the refractory vessel 124 (step S503). After that, 
the heater 128 is powered to make the temperature in the 
refractory vessel 124 be relatively -10 to -50 °C with 
respect to the melting point of the metal 14 (step S504). 

When the temperature becomes a predetermined 
temperature, the upper punch 126 is moved downwardly to 
pressurize the mixture 104 so that the heat sink material 
10B is obtained (step S505). 

Also in the fourth production method, it is possible to 
easily obtain the heat sink material 10B in which the 
average coefficient of thermal conductivity of those in the 
directions of the orthogonal three axes, or the coefficient 
of thermal conductivity in the direction of any axis is 200 



to 350 W/mK or more, and the coefficient of thermal 
expansion is 3 x 10" 6 to 14 x 10~ 6 /°C. 

Next, a heat sink material 10C according to the third 
embodiment will be explained with reference to FIG. 15. 

^ shown in FIG. 15, the heat sink material 10C 
according^to the third embodiment is constructed by 
pressurizing aNnixture obtained by mixing powder 12b of 
carbon or allotrop^thereof and a binder (binding agent) 
etc. to prepare a preformed product and a block (preferably 
having a cubic, rectangular parallelepiped f or arbitrary 
configuration), and inf iltratihg the block with the metal. 
The same powder 12b as the powder^i^a of carbon or allotrope 
thereof used in the second embodiment Tqay be used. The heat 
sink material 10C can be manufactured to n^ve an arbitrary 
shape which is approximate to the final shape 

Those usable as the carbon or the allotrope thereof 
other than graphite include diamond. Those usable as the 
metal 14 other than copper include aluminum and silver. 

The average powder particle size of the powder 12b of 
the carbon or the allotrope thereof is 1 to 2000 \xm. It is 
preferable that the length ratio is not more than 1:5 
between a direction in which the powder 12b has a minimum 
length and a direction in which the powder 12b has a maximum 
length. In this case, although there is no strong network, 
it is possible to make an arbitrary shape which is 
approximate to the final shape. Therefore, it is also 
possible to omit the machining process to be performed in 
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downstream steps. As for the volume ratios between the 
powder 12b of the carbon or the allotrope thereof and the 
metal 14, it is desirable that the volume ratio of the 
carbon or the allotrope thereof is within a range from 20 to 
80 % by volume, and the volume ratio of the metal 14 is 
within a range from 80 to 20 % by volume . 

It is desirable that an additive element to make 
reaction with the carbon or the allotrope thereof is added 
into the powder 12b of the carbon or the allotrope thereof. 
The additive element may be selected in the same manner as 
in the second embodiment . 

It is desirable that respective additive elements are 
used for the metal 14 in the same manner as in the first 
embodiment. The additive elements may include, for example, 
the additive element to improve the wettability, the 
additive element to improve the reactivity between the 
carbon or the allotrope thereof and the metal 14, the 
additive element to improve the molten metal flow 
performance, and the additive element to lower the melting 
point . 

Next, a fifth production method of the third embodiment 
will be explained with reference to FIG. 16. In the fifth 
production method, at first, water and the binder (binding 
agent) are mixed with the powder 12b of the carbon or the 
allotrope thereof to prepare a mixture (step S601). 

The mixture is pressurized at a predetermined pressure 
to form a preformed product (step S602). The press machine 
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62 (see FIG- 7) or the preforming machine 100 (see FIG. 10) 
may be used as a pressurizing apparatus. 

Subsequently, the preheating treatment is performed in 
order that the obtained preformed product is easily 
5 infiltrated with the metal 14 (step S603). As for the 

preheating temperature, for example, when the molten metal 
14 is at about 1200 °C, the preheating temperature for the 
graphite is desirably 1000 °C to 1400 °C. The binder used 
in step S601 can be also removed by performing the 

1!Q preheating treatment . 

! i0 

,y Further, in step S604, the preformed product is 

M 

iy sintered to form the block. The sintering method is carried 

;n out in the same manner as in the first embodiment. 

!,U 

The preformed product is infiltrated with the molten 

C3 

lg metal 14 (step S605). In the infiltrating step, the same 

lids 

l. s treatments as those performed in the respective infiltrating 

:J steps described in the first embodiment may be performed. 

For example, the heat sink material 10C can be obtained by 
executing the steps ranging from S2 to S9 in the first 
20 production method (see FIG. 3) by using the high pressure 

vessel 30 (see FIG. 2). 

According to the fifth production method, the 
coefficient of thermal expansion and the coefficient of 
thermal conductivity can be controlled to have desired 
25 values in the pressurization treatment performed in step 

S602, depending on the condition of the pressed powder. 

The obtained heat sink material 10C is characterized in 
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that the coefficient of thermal conductivity is more 
isotropic, and the wettability and the yield of material are 
also improved. 

Further, the strength can be increased, because the 
5 metal 14 forms the network. It is also possible to reduce 

the residual pores . 

Further, it is possible to inexpensively produce the 
heat sink material IOC. That is, the block before the 
infiltration cannot be machined, because it is fragile. 

IB However, the powder preformed product can be subjected to 

— s, 

;D the infiltration after being formed to have a desired shape. 

Lti Further, the powder preformed product is endurable to some 

i.y 

ifl plastic deformation thereafter. Therefore, it is possible 

to inexpensively obtain the heat sink material IOC having a 

□ 

1§ complicated configuration. 

ly Also in the fifth production method, the thermal 

; J expansion can be decreased by adding the element to form 

carbide to the metal 14 in the infiltration, in the same 
manner as in the respective production methods described 

20 above. Further, the infiltration ratio can be improved by 

adding the element to improve the wettability etc. 

When a high infiltration pressure is applied, the 
infiltration ratio is increased, and the strength and the 
coefficient of thermal conductivity are improved as well. 

25 Examples of infiltration based on the fifth production 

method are now shown in FIG. 17. Those indicated with "no 
pressurization" in the column of the filling method shown in 
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FIG. 17 shows a case where the pressurizing step, i.e., step 
S602 described above was omitted, and a mixture obtained by 
spreading the powder was infiltrated with the metal 14. 
Those indicated with "pressurization" show a case where 10 
cm 3 of water glass and 100 cm 3 of water were added to 1000 
cm 3 of powder to be compacted, and was thereafter formed by 
removing the water and the water glass during the preheating 
(1200 °C) . 

N^ext, explanation will be made with reference to FIG. 
18 for avsixth production method for the heat sink material 
10 according to the third embodiment. In the sixth 
production me^tliod, at first, molten metal 14 obtained by 
melting metal or\metal in a solid-liquid co-existing state 
(solid-liquid co-exsLsting metal) is prepared (step S701). 
In this procedure, they term "solid-liquid co-existing metal" 
refers to one obtained by, making metal (generally alloy) be 
in a semi-molten state or oh^ obtained by cooling and 
agitating molten metal into a\semisolidif ied state. That 
is, the term refers to both of a\netal in the semi-molten 
state obtained by heating and a met^l in the semisolidif ied 
state obtained by completely melting and being cooled 
afterwards. \ 

Subsequently, the powder 12a of carbon or allotrope 
thereof is mixed with the molten metal 14 or the metal in 
the solid-liquid co-existing state (step S702). 

The molten metal 14 or the solid-liquid co-existing 
metal mixed with the powder 12a is cast into a desired 
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shape. Accordingly, it is possible to obtain the heat sink 
material IOC (step S703). 

The heat sink material IOC obtained by the sixth 
production method has the same feature as that of the heat 
5 sink material produced by the fifth production method. 

Next, an exemplary experiment (first exemplary 
experiment) will be described. In the first exemplary 
experiment, the type of the metal 14 for infiltration, the 
type of the additive element, and the infiltrating method 
were changed for three respective types of carbons (P, M, 
;^ and N) to observe the difference in coefficient of thermal 

conductivity between two directions, the difference in 

I'd 

UT coefficient of thermal expansion between two directions, the 

I, J 

n difference in bending strength between two directions, the 

1,3 

1§ water resistance, and the effect of the additive element 

III respectively. Results of this exemplary experiment are 

i!3 

jji shown in FIGS. 19 to 21. Respective characteristics of the 

three types of carbons (P, M, and N) are shown in FIG. 22. 
The water resistance was inspected by placing a small 
20 amount of water and a sample in a desiccator to give a state 

where the sample was exposed to an atmosphere of water 
without being immersed in water. 

At first, investigation is made for a case where a mold 
press was used as the infiltrating method. The coefficient 
25 of thermal conductivity is generally higher in the samples 

infiltrated with copper alloy containing the additive 
element than the samples infiltrated with pure copper. This 
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result contributes to the following reason. Basically, the 
coefficient of thermal conductivity is higher when pure 
copper is used. However, pure copper is inferior in 
wettability with respect to carbon, resulting in difficulty 
5 of infiltration. Further, the coefficient of thermal 

conductivity is lowered at the interface between the carbon 
and the metal after the infiltration. 

When the sample is infiltrated with pure aluminum, a 
product having a high coefficient of thermal conductivity is 
10 obtained as compared with the infiltration with pure copper, 

,.g by the effect of generation of carbide and the high 

U wettability with respect to the carbon. However, the 

iii coefficient of thermal conductivity is higher in the samples 

infiltrated with copper alloy containing additive element. 
1:5 However, when the gas pressurization is used as the 

I, yi 
!, j. 

f~ infiltrating method, the coefficient of thermal conductivity 

i ; - 5 is higher than a case using the mold press. The coefficient 

of thermal conductivity of the sample infiltrated with pure 
copper by the gas pressurization is approximately the same 

20 as that of the sample infiltrated with copper alloy 

containing additive element. Representative examples are 
shown in FIG. 23, which are extracted from the experimental 
results shown in FIGS. 19 to 21 using the mold press and the 
gas pressurization . 

25 The result described above is obtained, because the 

preheating temperature and the temperature of the molten 
metal are easily controlled when the gas pressurization is 
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adapted. Of course, the infiltration characteristic at the 
same level (high coefficient of thermal conductivity) can be 
also obtained with the mold press by making artifice on the 
equipment . 

No specific difference was found in the coefficient of 
thermal expansion for all of the carbons among those 
infiltrated with pure copper, those infiltrated with copper 
alloy, and those infiltrated with pure aluminum- No 
specific difference was also found in the coefficient of 
thermal expansion depending on the variety of the 
infiltrating method. 

It is appreciated that those infiltrated with copper 
alloy containing additive element to improve the wettability 
have satisfactory water resistance, and that those 
infiltrated with copper alloy containing additive element to 
facilitate generation of carbide are improved in bending 
strength as compared with those constructed with only 
carbon. 

In each of the samples, the ratio of coefficient of 
thermal conductivity between a surface direction (a certain 
direction parallel to the surface of the sample) and a 
thickness direction (a direction perpendicular to the 
surface of the sample) is not more than 1:5, having a 
characteristic approximately equal to the isotropic 
property. Therefore, when such a sample is used as a heat 
sink, it is unnecessary to consider the installation 
direction case by case, which is advantageous in actual 
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mounting . 

Further, two exemplary experiments (second and third 
exemplary experiments) will be described. In these 
exemplary experiments, the infiltration pressure in the 
vessel was changed upon the infiltration in the infiltrating 
step for infiltrating carbon with metal in the first 
embodiment in order to observe the residual pores, the 
density, the uniformity, the compressive strength, and the 
difference in coefficients of thermal conductivity between 
the two orthogonal surface directions respectively. 

The second exemplary experiment was carried out with 
infiltration pressures of 26.7 MPa (272 kgf/cm 2 ) and 156.0 
MPa (1592 kgf/cm 2 ). Results of the exemplary experiment are 
shown in FIG. 24. 

In FIG. 24, the porosity (indicated by squares) and the 
density (indicated by circles) are plotted for the vertical 
axis, and the infiltration pressure is plotted for the 
horizontal axis. The plot of the porosity is depicted by 
squares, and the plot of the density is depicted by circles. 
According to the experimental results, it is understood that 
the density is increased and the porosity is decreased when 
the high infiltration pressure is applied. 

^fFh^compressive strength of carbon (standard: JIS R 
1608, method for'^te^ting compressive strength of fine 
ceramics) is 24.5 to 34.3M?a>(^50 to 35 kgf/cm 2 ) in the 
surface direction and 34.3 to 44.1 MPa^^O to 450 kgf/cm 2 ) 
in the thickness direction. Therefore, accordinc^to this 
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the infiltrating step. ^-^^^ 

The third exemplary experiment was carried out with 
infiltration pressures of 26.7 MPa (272 kgf/cm 2 ) and 60.0 
MPa (612 kgf/cm 2 ). Results of this exemplary experiment are 
shown in FIGS. 25 to 29. 

In FIG. 25, the measured density is plotted for the 
vertical axis, and the average density of each lot is 
plotted for the horizontal axis. 

According to FIG. 25, it is understood that the higher 
the infiltration pressure is, the smaller the dispersion of 
the density average of each lot is . 

In FIGS. 26 to 28, the infiltration pressure is plotted 
for the vertical axis, and the coefficient of thermal 
conductivity in the thickness direction, the compressive 
strength, and the density are plotted for the horizontal 
axis. According to FIGS. 26 to 28, it is understood that 
the values of the respective characteristics are improved 
when the high infiltration pressure is applied. 

In FIG. 29, the difference in coefficients of thermal 
conductivity between the two orthogonal surface directions 
is plotted. One of the coefficient of thermal conductivity 
is plotted for the horizontal axis as the X direction, and 
the other coefficient of thermal conductivity is plotted for 
the vertical axis as the Y direction. According to FIG. 29, 
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it is understood that the dispersion in the surface 
direction is small when the high infiltration pressure is 
applied . 

It is considered that the respective effects are 
provided in the second and third exemplary experiments 
described above, by the increase in infiltration amount of 
the metal 14 by increasing the infiltration pressure. 

Further, two additional exemplary experiments (fourth 
and fifth exemplary experiments) will be described. In the 
fourth and fifth exemplary experiments, the infiltration 
pressure upon the infiltration with pressurization and the 
element to be added to the metal 14 were changed to observe 
the change of the residual pores respectively in the 
infiltrating step of infiltrating carbon with the metal 14 
in the fourth embodiment. 

The fourth exemplary experiment was carried out by 
adopting CuO . INb for the infiltration metal for cases of the 
original material without applying the infiltration pressure 
and those pressurized at 27 MPa, 48 MPa, and 60 MPa. 
Results of this exemplary experiment are shown in FIG. 31. 

In FIG. 31, the pore diameter is plotted for the 
horizontal axis, and the residual pore volume is plotted for 
the vertical axis to observe the difference among the cases 
of the respective infiltration pressures. According to FIG. 
31, it is understood that the residual pore ratio after the 
infiltration is decreased when the infiltration pressure is 
increased. 



The fifth exemplary experiment shows a case of no 
addition of element to the metal for infiltration, a case of 
addition of CuSSi, and a case of addition of CuO.lNb. The 
experiment was performed with infiltration pressures of 27 
MPa and 43 MPa. Results of this exemplary experiment are 
shown in FIG. 32. 

The original material in FIG. 32 is under the same 
condition as that of the original material in FIG. 31. 
Therefore, their waveforms have approximately the same 
shape . 

CuSSi of the added element has a solid- liquid phase 
temperature range of not less than 30 °C, and hence it has 
the good molten metal flow performance (wettability) as 
compared with CuO.lNb. As a result, it is understood that 
the residual pores are decreased in the sample added with 
CuSSi. A tendency is observed such that the residual pores 
after the infiltration are decreased when the infiltration 
pressure is increased. This tendency is considered to be 
the same as the tendency observed in FIG. 31. It is 
possible to improve the strength by decreasing the residual 
pores . 

Next, explanation will be made for a case in which SiC 
is used as a porous sintered member in place of the carbon 
or the allotrope thereof. 

When the additive to improve the wettability is 
introduced into SiC, it is preferable that the component of 
metal contains one or more additive elements selected from 
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Be, Al, Si, Mg, Ti , and Ni in a range up to 5 % . Attention 
should be paid, because these elements are different from 
those of the case where carbon is utilized as the porous 
sintered member. 

In order to improve the wettability between SiC and the 
metal 14, it is preferable that Ni plating of 1 to 10 % by 
volume, desirably 3 to 5 % by volume is previously applied 
to SiC. In this case, the infiltration at a low pressure 
can be realized. The Ni plating referred to herein should 
be desirably a plating treatment with which no melting 
occurs during preheating such as plating of Ni-P-W or 
plating of Ni-B-W. 

In order to improve the wettability between SiC and the 
metal 14, it is preferable that SiC is previously 
infiltrated with Si by 1 to 10 % by volume, desirably 3 to 
5 % by volume. Also in this case, the infiltration at a low 
pressure can be realized. 

In relation to the procedure in which the Ni plating of 
1 to 10 % by volume is previously applied to SiC, or SiC is 
previously infiltrated with Si by 1 to 10 % by volume, it is 
also preferable that palladium plating is previously applied 
to SiC. In this case, combined plating of Ni and/or Si can 
be also applied, in addition to the palladium plating 
described above. 

The reaction may occur at a high temperature between 
SiC and the metal 14, SiC may be decomposed into Si and C, 
and the original function may not be exhibited. Therefore, 



it is necessary to shorten the period of time in which SiC 
and the metal 14 make direct contact with each other at a 
high temperature. The contact time between SiC and the 
metal 14 can be shortened by satisfying a first treatment 
5 condition (pressure applied to high pressure vessel 30 - not 

less than 0.98 MPa (10 kgf/cm 2 ) and not more than 98 MPa 
(1000 kgf/cm 2 )), a second treatment condition (heating 
temperature - temperature higher by 30 to 250 °C than 
melting point of metal 14), or a third treatment condition 
I 5 © (Ni plating of 1 to 10 % by volume is previously applied to 

;^ SiC) . Therefore, the decomposition reaction of SiC as 

i . s 

i:y described above can be avoided beforehand. 

W 

It is necessary to apply a high pressure in order to 

I J 

sufficiently infiltrate SiC with the metal 14, because the 

15 wettability is poor between SiC and the metal 14. The pore 

surface of SiC is improved in quality to give good 

j,£ wettability between SiC and the metal 14 by effecting the 

third treatment condition (Ni plating of 1 to 10 % by volume 
is previously applied to SiC) or a fourth treatment 

20 condition (SiC is previously infiltrated with Si by 1 to 

10 % by volume). Therefore, even finer pores can be also 
infiltrated with the metal 14 at a lower pressure. 

Still another exemplary experiment (sixth exemplary 
experiment) will now be described. In the sixth exemplary 

25 experiment, the porosity of SiC, the pore diameter, the 

presence or absence of Ni plating, the presence or absence 
of Si infiltration, the infiltration temperature, the 
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pressurization pressure, the pressurization time, and the 
cooling speed were changed to observe the difference of the 
reaction of SiC/Cu and the infiltration of Cu under 
respective conditions. Obtained experimental results are 
5 shown in a table in FIG. 30. In FIG. 30, the reaction of 

SiC/Cu was determined by the thickness (average value) of 
the reaction layer formed between SiC and Cu. The 
determination condition is as follows. The basis of the 
determination condition is the fact that when the reaction 
lffl layer of not less than 5 \xm is generated between SiC and Cu, 

': is? 

»,Q then the heat transfer between SiC and Cu is deteriorated, 

|,y and the coefficient of thermal conductivity is lowered in a 

jfl composite material for a semiconductor heat sink. 

i.u 

# Thickness (average) of reaction layer is not more 

q 

i'| than 1 \xm "no reaction" ; 



# Thickness (average) of reaction layer is more than 1 
;J |jm and not more than 5 — * "slight reaction"; 

# Thickness (average) of reaction layer is more than 5 
\xm — > "strong reaction". 

20 According to the experimental results, the reaction of 

SiC/Cu is shown as "no reaction", the infiltration situation 
of Cu is satisfactory, and thus good results are obtained in 
any of those which satisfy predetermined ranges for the 
porosity of SiC, the pore diameter, the infiltration 

2 5 temperature, the pressurization pressure, the pressurization 

time, and the cooling speed respectively (samples 3, 7, 8, 
11, and 12) . 
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As for samples 3, 7, 11, and 12 of the samples 
described above, the Ni plating or the Si infiltration was 
performed. Therefore, the wettability with Cu is 
satisfactory. The good results as described above were 
obtained even when the pressurization time was shortened. 
As for sample 8 , the Ni plating and the Si infiltration were 
not performed- However, the pressurization time could be 
successfully shortened by increasing the pressurization 
pressure. Thus, the good results as described above were 
obtained. 

The infiltration situation of Cu is insufficient for 
any of samples 1, 5, and 9 in which the pressurization 
pressure was 0.78 MPa (8 kgf/cm 2 ) which was lower than the 
predetermined range described above. Among these samples, 
the reaction situation of SiC/Cu is shown as "strong 
reaction" for those in which the pressurization time is long 
(samples 1 and 5). 

As for sample 6, the infiltration situation is 
insufficient, although the reaction situation of SiC/Cu is 
shown as "slight reaction." This seems to be because the 
porosity and the pore diameter do not satisfy the 
predetermined ranges respectively. As for sample 14, the 
reaction of SiC/Cu is shown as "strong reaction", although 
the infiltration situation is satisfactory. This seems to 
be because the pore diameter is larger than the 
predetermined range, and the pressurization time is 
relatively long. 



Next, explanation will be made for embodiments based on 
the use of SiC for the porous sintered member. At first, 
the steps of sintering graphite to prepare the porous 
sintered member (step SI, step S101, step S201, step S301, 
and step S302) are unnecessary when SiC is utilized in the 
first embodiment described above (first production method, 
first modified method, second modified method, and second 
production method) . The subsequent steps will be the same 
for producing the heat sink material. 

Explanation will be made with reference to FIGS. 33 to 
36 for a production method (seventh production method) 
according to the fourth embodiment as an embodiment based on 
the use of SiC for the porous sintered member. 

The seventh production method is carried out by using a 
hot press machine 1060 as specifically shown in FIG. 33 by 
way of example. The hot press machine 1060 has 
approximately the same structure as that of the hot press 
machine 102 explained in the second embodiment. However, 
for convenience, the seventh production method will be 
described with the separate drawing. 

The hot press machine 1060 has, in a cylindrical casing 
1062, a lower punch 1064 also serving as a base pedestal, a 
refractory vessel 1066 fixed on the lower punch 1064 with an 
upper opening, an upper punch 1068 movable back and forth 
from an upper position into the refractory vessel 1066, and 
a heater 1070 used to heat the refractory vessel 1066. The 
hot press machine 1060 is provided with a suction tube 1072 



for evacuation. 

The refractory vessel 1066 has a cylindrical 
configuration with a hollow section 1074. A flange 1076 is 
provided on the side surface of the upper punch 1068 for 
determining the throw (stroke) of the upper punch 1068. A 
packing 1078 is attached to the lower surface of the flange 
1076. The packing 1078 makes contact with the upper 
circumferential surface of the refractory vessel 1066 in 
order to give a tightly enclosed state of the refractory 
vessel 1066. A passage 1080 is provided at the inside of 
the lower punch 1064. The passage 1080 is used to flow the 
heating fluid for heating the interior of the refractory 
vessel 1066 and the cooling fluid for cooling the interior 
of the refractory vessel 1066. 

The seventh production method is carried out by 
performing steps shown in FIG. 34. 

At first, SiC 1020, a filter 1054 made of porous 
ceramics, and ingots of metal 14 are introduced in this 
order from the bottom of the hollow section 1074 of the 
refractory vessel 1066 (step S1301). For the filter 1054, 
it is desirable to use a porous ceramic material having a 
porosity of 40 to 90 % and a pore diameter of 0.5 to 3.0 mm. 
It is more preferable to use a porous ceramic material 
having a porosity of 70 to 85 % and a pore diameter of 1.0 
to 2.0 mm. 

The filter 1054 functions as a partition plate 
separating the SiC 1020 and the ingots of metal 14 so that 



they are placed in a non-contact state. An upper chamber 
1074a is defined in the hollow section 1074 for setting the 
ingots of metal 14 on the filter 1054. A lower chamber 
1074b is defined for setting the SiC 1020 under the filter 
1054 . 

Subsequently, the refractory vessel 1066 is tightly 
enclosed, and then the evacuation is effected for the 
interior of the refractory vessel 1066 by the aid of the 
suction tube 1072 so that the both chambers 1074a, 1074b of 
the refractory vessel 1066 are in a negative pressure state 
(step S1302) . 

After that, the heater 1070 is powered to heat and melt 
the metal 14 in the upper chamber 1074a (step S1303). 
During this process, a heating fluid may be made flow 
through a passage 1080 of the lower punch 1064 in 
combination with the electric power application to the 
heater 1070 so that the interior of the refractory vessel 
1066 may be heated. 

The upper punch 1068 is moved downwardly when the 
melted matter of the metal 14 (molten metal) in the upper 
chamber 1074a arrives at a predetermined temperature to 
pressurize the interior of the upper chamber 1074a up to a 
predetermined pressure (step S1304). During this process, 
the refractory vessel 1066 is tightly enclosed by the mutual 
pressurization and the contact between the upper 
circumferential surface of the refractory vessel 1066 and 
the packing 1078 attached to the flange 1076 of the upper 



punch 1068. It is possible to effectively avoid such an 
inconvenience that the molten metal inside may leak to the 
outside of the refractory vessel 1066. 

The melted matter of the metal 14 (molten metal) at the 
predetermined pressure in the upper chamber 1074a is 
extruded by the pressure in the upper chamber 1074a through 
the filter 1054 toward the lower chamber 1074b, and 
introduced into the lower chamber 1074b. At the same time. 
The SiC 1020 in the lower chamber 1074b is infiltrated with 
the molten metal. 

When the time comes to the end point previously set in 
accordance with the time management (point of time when the 
infiltration of the SiC 1020 with the molten metal 14 is in 
a saturated state), a cooling fluid in turn flows through 
the passage 1080 in the lower punch 1064 so that the 
refractory vessel 1066 is cooled in a direction from the 
bottom toward the top (step S1305). Accordingly, the molten 
metal 14, with which the SiC 1020 is infiltrated, is 
solidified. The pressurized state in the refractory vessel 
1066 effected by the upper punch 1068 and the lower punch 
1064 is retained until the solidification is completed. 

When the solidification is completed, SiC 1020 
infiltrated with the metal 14 is taken out of the refractory 
vessel 1066 (step 1306). 

In this production method, the SiC 1020 and the metal 
14 are heated while being sufficiently degassed. After the 
metal 14 is melted, the metal 14 is immediately made contact 



with the SiC 1020. Further, the metal 14 and the SiC 1020 
are in the pressurized state, and the pressurized state is 
maintained until when the cooling operation is completed. 
Therefore, the SiC 1020 can be efficiently infiltrated with 
the metal 14. In the embodiment described above, the 
infiltration treatment is performed at the negative 
pressure. However, the infiltration treatment may be 
performed at the atmospheric pressure. 

As described above, both of the molten metal 14 and the 
SiC 1020 make contact with each other after being 
pressurized so that the infiltration treatment is performed. 
Therefore, it is possible to minimize the decrease in 
pressure caused when both make contact with each other. 
Thus, it is possible to maintain the satisfactory 
pressurization state during the infiltration treatment. 

In the embodiment described above, the packing 1078 is 
provided at the lower surface of the flange 1076 of the 
upper punch 1068 in order to avoid the leakage of the molten 
metal 14. However, as indicated by two-dot chain lines in 
FIG. 33, a packing 1078 may be provided at the upper 
circumferential surface of the refractory vessel 1066. 
Alternatively, a packing member 1102 may be provided at a 
lower portion of the upper punch 1068 as shown in FIG. 36. 
The packing member 1102 has two ring-shaped divided type 
packings 1100 superimposed as shown in FIG. 35A, . In this 
case, the molten metal enters a hollow section 1104 of the 
packing member 1102, and thus the diameter of each of the 



divided type packings 1100 is enlarged. As a result, the 
upper chamber 1074a is tightly enclosed, and the leakage of 
the molten metal 14 is avoided. 

Next, a modified method of the seventh production 
method will be explained with reference to FIGS. 37 and 38. 
Constitutive components corresponding to those shown in FIG. 
33 are designated by the same reference numerals, and 
duplicate explanation thereof will be omitted. 

The production method according to this modified method 
uses a hot press machine 1060 as shown in FIG. 37. In the 
hot press machine 1060, a filter member 1110 of porous 
ceramics is secured to a central portion in the height 
direction of a hollow section 1074 of a refractory vessel 
1066, and a door 1112 is attached openably/closably to a 
side surface of a lower chamber 1074b. A portion of the 
hollow section 1074 of the refractory vessel 1066 disposed 
over the filter member 1110 serves as an upper chamber 
1074a, and a portion disposed under the filter member 1110 
serves as a lower chamber 1074b. Especially, the door 1112 
attached to the lower chamber 1074b makes the lower chamber 
1074b tightly enclosed when the door 1112 is closed. 

The modified production method is carried out by 
performing steps shown in FIG. 38. 

At first, ingots of metal 14 are introduced into the 
upper chamber 1074a of the refractory vessel 1066, and the 
door 1112 of the lower chamber 1074b is opened to introduce 
SiC 1020 into the lower chamber 1074b (step S1401). 
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Subsequently, the door 1112 is closed to tightly 
enclose the lower chamber 1074b. Further, the hot press 
machine 1060 is tightly enclosed. After that, the 
evacuation is effected for the interior of the refractory 
vessel 1066 by the aid of the suction tube 1072 so that the 
both chambers 1074a, 1074b of the refractory vessel 1066 are 
in a negative pressure state (step S1402). 

After that, the heater 1070 is powered to heat and melt 
the metal 14 in the upper chamber 1074a (step S1403). Also 
in this case, a heating fluid may be made flow through the 
passage 1080 of the lower punch 1064 in combination with the 
electric power application to the heater 1070 so that the 
interior of the refractory vessel 1066 can be heated. 

When the melted matter of the metal 14 (molten metal) 
in the upper chamber 1074a comes to a predetermined 
temperature, the upper punch 1068 is moved downwardly to 
pressurize the interior of the upper chamber 1074a up to a 
predetermined pressure (step S1404). 

The melted matter of the metal 14 (molten metal) in the 
upper chamber 1074a having arrived at the predetermined 
pressure is extruded by the pressure in the upper chamber 
1074a through the filter member 1110 toward the lower 
chamber 1074b, and it is introduced into the lower chamber 
1074b. At the same time, the SiC 1020 installed in the 
lower chamber 1074b is infiltrated with the molten metal. 

When the time comes to the end point previously set in 
accordance with the time management, a cooling fluid is in 



turn made flow through the passage 1080 in the lower punch 
1064 so that the refractory vessel 1066 is cooled in a 
direction from the bottom toward the top (step S1405). 
Accordingly, the molten metal 14, with which the SiC 1020 is 
infiltrated, is solidified. 

When the solidification is completed, the SiC 1020 
infiltrated with the metal 14 is taken out of the refractory 
vessel 1066 (step 1406). 

Also in this modified production method, the SiC 1020 
can be efficiently infiltrated with the metal 14 in the same 
manner as in the seventh production method. Also in this 
modified method, both of the molten metal 14 and the SiC 
1020 make contact with each other after being pressurized so 
that the infiltration treatment is performed. Therefore, it 
is possible to minimize the decrease in pressure caused when 
both make contact with each other. Thus, it is possible to 
maintain the satisfactory pressurization state during the 
infiltration treatment. In this modified method, the 
infiltration treatment is performed at the negative 
pressure. However, the infiltration treatment may be 
performed at the atmospheric pressure. 

Further, explanation will be made with reference to 
FIGS. 39 and 40 for a production method (eighth production 
method) according to the fifth embodiment as an embodiment 
in which SiC is utilized for the porous sintered member. 
Constitutive components corresponding to those shown in FIG. 
33 are designated by the same reference numerals, duplicate 
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explanation of which will be omitted. 

The eighth production method is in principle 
approximately the same as the production method according to 
the fourth embodiment described above. However, the former 
is different from the latter in that SiC 1020 and the metal 
14 make contact with each other at a negative pressure or at 
the atmospheric pressure in the infiltrating step, and a 
heating treatment is performed to melt the metal 14. 

Specifically, the eighth production method differs in 
that the filter 1054 is not introduced into the refractory 
vessel 1066 of the hot press machine 1060 used in the 
production method according to the third embodiment shown in 
FIG. 33, and the SiC 1020 and the metal 14 are introduced in 
this order from the bottom of the vessel 1060. 

The production method according to the fifth embodiment 
is carried out by performing steps shown in FIG. 40. 

At first, the SiC 1020 and ingots of the metal 14 are 
introduced in this order from the bottom of the hollow 
section 1074 of the refractory vessel 1066 (step S1501). 

Subsequently, the hot press machine 1060 is tightly 
enclosed, and then the interior of the refractory vessel 
1066 is subjected to the evacuation by the aid of the 
suction tube 1072 so that the interior of the refractory 
vessel 1066 is in a negative pressure state (step S1502). 

After that, the heater 1070 is powered to heat and melt 
the metal 14 in the refractory vessel 1066 (step S1503). 
During this process, a heating fluid may be made flow 



through the passage 1080 of the lower punch 1064 in 
combination with the electric power application to the 
heater 1070 so that the interior of the refractory vessel 
1066 may be heated. 

When the melted matter of the metal 14 (molten metal) 
in the refractory vessel 1066 arrives at a predetermined 
temperature, the upper punch 1068 is moved downwardly to 
pressurize the interior of the refractory vessel 1066 up to 
a predetermined pressure (step S1504). 

The SiC 1020 is infiltrated with the melted matter of 
the metal 14 (molten metal) having arrived at the 
predetermined pressure in accordance with the pressure in 
the refractory vessel 1066. 

When the time comes to the end point previously set in 
accordance with the time management (point of time at which 
the infiltration of the SiC 1020 with the molten metal is in 
a saturated state), a cooling fluid is in turn made flow 
through the passage 1080 in the lower punch 1064 so that the 
refractory vessel 1066 is cooled in a direction from the 
bottom toward the top (step S1505). Accordingly, the molten 
metal, with which the SiC 1020 is infiltrated, is 
solidified. The pressurized state in the refractory vessel 
1066 effected by the upper punch 1068 and the lower punch 
1064 is retained until the solidification is completed. 

When the solidification is completed, the SiC 1020 
infiltrated with the metal 14 is taken out of the refractory 
vessel 1066 (step 1506). 



Also in this eighth production method, the SiC 1020 and 
the metal 14 are heated while being sufficiently degassed. 
After the metal 14 is melted in the state where the metal 14 
and the SiC 1020 make contact with each other, the interior 
of the refractory vessel 1066 is in the pressurized state. 
Further, the pressurization is maintained until the point of 
time when the cooling operation is completed. Therefore, 
the SiC 1020 can be efficiently infiltrated with the metal 
14. 

It is a matter of course that the heat sink material 
and the method of producing the same according to the 
present invention are not limited to the embodiments and 
methods described above, which may be embodied in other 
various forms without deviating from the gist or essential 
characteristics of the present invention. 



